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IMPORTANT LOSS MECHANISMS IN 
HIGH-EFFICIENCY SOLAR CELLS 
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Study of Material Properties and High-Efficiency 
Solar-Cell Performance on Material Composition 

TASKS 

(1) Impurity and Defect Levels 
Limiting High Efficiency 
Ce I 1 s 

• New CVCT - one p/n diode, 

• Ti, Z n, Au t others. 

(2) Computer Model - Exact 

• Matured - 1978. 

Including All Recombina- 
tion Mechanisms and AE~. 

• Applied - TR. 1-5(78-81) 

- TR.l (83) 

(3) Fundanental Limitations 
on High Efficiency Cells. 

• Mechanisms 

• < 20% Cells. 

• > 20% Cells. 

• Ultimate Cells. 
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH 


Performance Parameters of Very-High-Efficiency 
Ideal Diode Silicon Solar Cells (AMI or AMI. 5, 24°C) 
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HIGH-EFFIC!ENCY SILICON SOLAR CELL RESEARCH 


(1) RECOMBINATION LOSS MECHANISMS 

(2) high efficiency cells {' 20 %) 

»• BASS RECOMBINATION DOMINATED PERFORM ANCE 

• CELL PERFORMANCE DATA AND BISE RECOMBINATION LOSS THE" RY 
(Analysed by author cr/and Sah) 
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SURFACE RECOMBINATION 

VELOCITY DATA 
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5RV(oa/a) ; JSC (aA/ca‘2) | VOC(aV)} Values In t ) are coaput* . 
( Jeff la the e*Tect‘va value to give tiK- J1. All at AMI .5 
except • at AMO. 


(1) RECOMBXANTION LOSS MECHANICS 

(2) HIGH EFFICIENCY TELLS (<20t) 


(3) VERT HICi.l EFTICIENCT CELLS l >20%) 

• BASE RECOMBINATION ELIMINATED 

# REPUCE BL’UC RECOMBINATION 

* High Baae Lifetime 

* Low Defects ( Float- Zone / 

t Low Residual IapurKi.ee (F£) 

I REDUCE BACK SURFACE RECOT I NA- 
TION LOSS 

* Thi' Epitaxial Base . 

« Graded Baae. 

« Back Surf-ce field, 
s Oxidised Back Surface. 

* Intendlglud Back Contact. 

* Dope d-d f fused Back Contact. 
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HIGH-El rlClENCV SILICON SOLAR CELL RESEARCH 

1 

(1) RECOMBINATION LOSS MECHANISMS 

(2) HIGH EFFTCIENC CELLS ( <20%) 


(3) VERY HIGH EFFICIENCY CELLS O20S) 

* BASE RSCOMBINAT;ON ELIMINATED 

*• EMITTER ^COMBINATION LIMITING 
(Data yet to be obtained.) 

I BULK EMITTER 

* Auger (HI Dop Effect) 

* SRH (with EGN Hi Dop Effect) 

n Residual Impurity Centers 
o Point-Pair Defects (Hi Dop) 

= Gross Defect (Hi Dop Effect) 

o Grain Boundary j 

o Dislocation 
o Lattice Faults 
o Diffusion Piper 

# EMITTER/OXIDE INTERFACE 

= Interface States Monitoring 
o DOS by MOS HFCV (Terman’s) 
o SRV by SCD DCIV (I osier's) 

= Interface States Reduction 
o D. y'Lov-Temp Oxide 
o nydrogen Passivation (Stable?) 

I EMITTER /CON TACT INTERFACE t 

r M/I/P Tunneling Oxide 
(Green) 

= Polysilicon Baitt*.- 

(Ning-Isaac-Neugroschel ) 

= Floatik^ Emitter Transistor 
(TI & JPL/Cheng-Sah ) 

o Ep'taxial Base/Front-B^ck \ 

Contacts, 

o All Back Contacts. 


Summary j 

} j 

(1) RECOMBINATION *. 0 . S MECHANICS 

• Residual Impurities. * t 

• Lattice Defects. ] 

• Interface States. i 4 

• Interbeid Auger A Radiative. j 

(2) HIGH EFFICIENCY CELLS (<2C$) 

• J1 > 2.0E-13 A / ca"2 * ^ 

• Back Surface Recombination. - 

•* Base Recomcination LIMITING. 

(3) VERY HIGH EFFICIENCY CELLS (>20*) 

• < 2.0E-I3 A/ca*2 

• Eliminate Base Recombination. 

• Eliminate Bach Surface * BSF 

Layer Re com M ant ion Losses. 

* Emitter Recombination LIMITING. 

;u' ultra high e r iciency cells (-25*) 

• J1 < 1.0E-16 A/CJ*2 

• Eliminate All Extrinsic , 

Recombination Losses. 

o Residual Ir *«rtties. 
o Attlee DefecvS. 

• Eliminate Ferine ter Damage. 

• Design away Auger Emitter 
Recombiantion. 

*• I', ter band Auger and Radiative 
in dare LIMITING. 
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